The speech of aphasics is a kind of language in which constraints are ranked differently from what obtains in the speech of non-aphasics. Bilingual aphasics rank constraints in ways that reflect that they have more than one language in their language faculty. Therefore, this paper examined the manner in which constraints are ranked among Nigerian adult aphasics, using 40 purposively sampled Yoruba-English aphasics from the University College Hospital, Ibadan, Nigeria. A normative text was given these subjects to read, and their speeches were tape-recorded. The data were analyzed perceptually. The frequency and percentage of each form of deviation noticed in their speeches were calculated. Optimality Theory was then used to explicate the way constraints were ranked by these subjects before those forms of deviation emerged as the optimal candidates. Three forms of deviation were discovered at the segmental level of their phonology, namely deletion, substitution and epenthesis. Generally, the subjects ranked constraints in ways opposite those of non-aphasics. Markedness dominates faithfulness in all their rankings.
Introduction
The major consequence of aphasia is disorganization and reorganisation of the language area of the cerebral cortex. This leads to the emergence of a different grammar in the aphasics. Thus, the ranking of constraints in the aphasics will necessarily be different from those of non-aphasics. Such ranking has some consequences on Universal Grammar (UG). Aphasiology has concentrated mainly on first language speakers, particularly English and some other European languages (Bouhman and Grumbaum 1925; Goldstein, 1948; Luria 1966; Lecours and Lhermitte 1969; Goodglass et al., 1972; Blumstein 1973; Peuser and Fittschen, 1977; Goodglass and Kaplan, 1983; and Niemi, et al., 1985) . It is recently that bilingual aphasics are receiving attention of linguists. Notable studies on Nigerian aphasics include Salami (2005) , which is on one dysphasic Nigerian; Salami (2008) , which is on a Nigerian woman with dysarthria; Sunday (2008) , a doctoral thesis that describes the phonology of bilingual Nigerian adult aphasics; and Sunday (2010) , which is on the suprasegmental phonology of bilingual Nigerian adult aphasics, using 20 aphasics.
In the production of speech, certain constraints are involved. These constraints are universal but they are ranked differently in languages (Archangeli, 1997, p. 11) . The speech of aphasics is better conceived as a different kind of grammar, involving a ranking of constraints quite different from those of non-aphasic people. Studying the ranking of aphasics will definitely reveal the nature of the functioning of the brain in relation to language. It appears that the language faculty contains neatly programmed linguistic components. It is like Scrabble. The Scrabble bag has many letters; so also language has different components. A scrabble player has access to all the desired words; so also the user of language has access to different constraints but s/he selects the one s/he wants based on her/his exposure and knowledge. When there is damage to the cortex, there is reorganization of the components of the language faculty. This reorganization produces other languages which are different from the first language (L1) and any other language people in the environment are familiar with. Even though the neologisms of aphasics may not tally precisely with any known language, a careful analysis of such neologisms could reveal that they have structures.
Constraints in Optimality Theory
Optimality Theory (OT) claims that CON, which refers to a universal set of constraints, forms part of human innate knowledge of language. This means that all languages use the same set of constraints; that is, all languages have access to exactly the same set of constraints. The violability of a constraint is not due to the property of that constraint; instead, it is due to its position in that language. The constraints thus have some consequences on markedness: the higher ranked constraints, which are so rarely violated, show the way in which the language is unmarked; whereas the lower ranked constraints, which are so frequently violated, show the way in which the language is marked. The incorporation of markedness into CON is an important feature of OT, as earlier models cater for theories of markedness separately (Archangeli, 1997, p. 15) . In OT architecture, the input feeds into GEN(erator), which creates candidates but the candidates are considered by EVAL(uator), which selects the optimal candidates from the set Archangeli (1997, p. 13) , as schematically presented below: (Kager, 1999, p. 21) This translates as: if C 1 dominates C 2 and C 2 dominates C 3 then C 1 dominates C 3 . However, for the analysis to be correct, when both direct and inferred arguments for ranking are present, they must not contradict each other (McCarthy, 2002, p. 6 ).
In OT analyses, only the optimal candidate is given linguistic interpretation, although EVAL imposes harmonic ordering on all the candidates. This means that 'valid ranking arguments…must always involve an actual output form as one of the candidates being compared' (McCarthy 2002) . Therefore, EVAL should be seen as a function from sets of candidates to sets of candidates. Each constraint works on a set of candidates and returns the subset that consists of those candidates that perform best on that constraint. In other words, EVAL can be understood in terms of function composition, as a lower-ranking constraint has as input the set of best performers on the higher-ranking constraint. This way, EVAL will produce at least one winner since a constraint can never return less than one best performer. In a nutshell, EVAL starts with the highest ranking (innermost) constraints and takes the other constraints in the order of their hierarchy until there is no constraint remaining (Samek-Lodovici and Prince, 1999, p. 18) .
OT identifies two main types of constraints, namely faithfulness and markedness. Faithfulness constraints require identity between the input and the output, using the nature of the difference between the input and the output supplied by GEN. Initially, Prince and Smolensky (1993) proposed containment, which requires that the input be contained in each of the output candidates. This has been replaced by the Correspondence Theory proposed by McCarthy and Prince (1995) . The Containment Theory sees epenthesis as an instance of overpassing phonetic interpretations of empty positions; and sees deletion as an instance of underparsing. Conversely, the Correspondence Theory predicts that the segments involved in epenthesis may participate in phonological processes. It claims that the two processes reflect the dominance of syllabic well-formedness over faithfulness, just as the Containment Theory claims (Kager, 1999, p. 100) . Put differently, the two phonological processes show that faithfulness is violated at the instance of well-formedness.
In essence, the Correspondence Theory of faithfulness posits that there is a correspondence K from the input to each of its output candidates (McCarthy, 2002, p. 12) . For instance, any epenthetic vowel does not correspond to the input, while other segments do. In such a case, the constraint DEP is violated. This constraint says that K must be surjective, so that every element of the output stands in correspondence with the output; that is, the output depends upon the input. Similarly, a deleted segment violates the constraint MAX, which requires that the inverse relation K ¯¹ be surjective, so that every element of the input is in correspondence with the output; that is, the input is maximally expressed in the output (McCarthy and Prince, 1995) . A candidate is unfaithful any time its associated correspondence relation describes anything different from an order-and structure-preserving mapping which is one-to-one and onto (McCarthy, 2002, p. 14) .
Markedness constraints, on the other hand, evaluate the output candidate form which favours a particular structure over others without making reference to the input (Moreton, 1996 (Moreton, /1999 . For instance, it could favour syllables with coda over syllables without coda. 'Markedness constraints' refers to any constraint which assigns violation marks to a candidate based mostly on the structure of its output, without considering its similarity to the input. If a www.ccsenet.org/ijel International Journal of English Linguistics Vol. 3, No. 1; 2013 candidate is marked by or with respect to that constraint, such a candidate gets at least one violation-mark from it (McCarthy, 2002, p. 14) .
The Analysis

Background Information on the Subjects
Before proceeding on the analysis proper, it is necessary to present some necessary background information about the subjects. Most of the subjects were more than 50 years old (29 out of 40 (72.5%)). This suggests that aphasia is more rampant among people within this age bracket; or that aphasics within this age bracket patronized the hospital more than those below 50 years. 11 of them (27.5%) were females, while 29 (72.5%) were males. Thirty-six (36) of the subjects were right-handed, whereas the remaining four (4) were left-handed. The stroke affected the right side in 29 of them (72.5%); it affected the left side in 9 of them (22.5%); while it affected both sides in 2 of them (5%). 20 of the subjects (50%) suffered right hemispheric CVD, while 20 of them (50%) suffered left hemispheric CVD. Twenty-seven (27) of the subjects had Broca's aphasics, while 13 of them had Wernicke's aphasics. Table 1 summarizes the phonological processes noticed in the speech of the Broca's aphasics. As shown in Table 1 , there were 186 instances of deletion. Only 1 involved vowels in word-initial position; 8 involved vowels in word-medial position; while 4 involved vowels in word-final position. As for consonants, 56 of the instances of deletion were in word-initial position; 35 were in word-medial position; while 82 were in word-final position. As for substitution, 8 affected vowels in word-initial position; 61 affected vowels in word-medial position; and 21 affected vowels in word-final position. 87 of the consonants substituted were found in word-initial position; while 55 were found in word-final position. Altogether, there were 269 instances of substitution. Epenthesis occurred 4 times in word-initial position; 6 times in word-medial position, and 22 times in word-final position. Instances of epenthesis involving consonants occurred 27 times in word-initial position; 23 times in word-medial position; and 20 times in word-final position. Thus, there were 92 instances of epenthesis.
Phonological Processes in the Speech of the Aphasics
The above analysis shows that in the Broca's aphasics, substitution accounts for about half of the total forms of deviation (49.2%); deletion follows with 34.0%; while epenthesis takes the remaining 16.8%. As revealed in this table, the frequencies of the forms of deviation in the Wernicke's aphasics sharply contrast with those of the Broca's aphasics, though both display the same forms of deviation. Deletion has the highest frequency of occurrence (68 The foregoing analysis reveals that deletion accounts for 44.2% of the deviation in the speech of the Wernicke's aphasics. Substitution accounts for 30.5% of the deviation in their speech. Epenthesis accounts for the remaining 25.3%. 
Constraints Ranking in Bilingual Nigerian Adult Broca's Aphasics
The instances of deviation discussed above present interesting issues about constraints ranking. To capture these issues vividly, we need to examine some examples of each form of deviation, so as to see the relationship between the input and the output candidates. Let us first consider examples of each form of deviation before considering how some of the candidates emerged as optimal outputs. The only feature that distinguishes the vowels is the shape of the mouth. /ʃ/ is voiceless palato-alveolar fricative, while /k/ is voiceless velar plosive. Both consonants are voiceless but they differ in place and manner of articulation. Another phonological process in this data is syncope (elision of a vowel). The vowel in the second syllable of the NE output candidate is elided in the output of the aphasic.
Therefore, five constraints are involved in this ranking. Four of them are ranked in the opposite form, with (*) which indicates unacceptability. This means that in the phonology of the aphasics, such constraints are unacceptable, although they are acceptable in the phonology of non-aphasic adults. It is only in this way that we can account for the emergence of their optimal output candidates. In other words, the aphasics too use the same constraints the non-aphasic adults use but these constraints are in the opposite form of how non-aphasic adults use them. This suggests that there is a section of the brain meant for ranking constraints, and that damage to the cortex makes it work in a direction opposite to what is found in non-aphasic adults. Thus, the constraints in the phonology of non-aphasic adults are unacceptable to them. Since the focus of OT is on the output, the analysis has to consider the nature and ranking of the aphasics' constraints, which have resulted in the peculiar optimal outputs. The argument here is that, if the analysis sees them as violating the constraints of the non-aphasic adults, it will be impossible to arrive at their optimal output, since such an output will necessarily incur many lowest violations; while, 'the optimal candidate should be one with the fewest lowest violations' (Archangeli, 1997, p. 12) . Below are the five constraints involved in the emergence of 'mashnic' as the optimal output: a. *MAX: allows deletion, since MAX states that every segment/feature of the input has an identical correspondent in the output (see Pulleyblank, 1997, p. 63 for Max).
b. *IDENT (place): allows difference in the place of articulation between the input and the output, contrary to IDENT(place) [see Kager (1999, p. 45) for IDENT (place)].
c. *IDENT (manner): allows difference in the manner of articulation between the input and the output, contrary to IDENT (manner).
d. *IDENT (low): allows difference in the height of the tongue between the input and the output, contrary to IDENT (low) [see Kager (1999, p. 128) This means that the four markedness constraints dominate FAITH (σˇ); that is, FAITH (σˇ) is ranked low. The other two output candidates fatally violate *IDENT (manner); consequently neither of them could be the optimal output. The optimal output violates only FAITH (σˇ); but, since this faithfulness constraint is ranked low in the phonology of the aphasic, /maeʃnɪk/ still emerges as the optimal candidate.
In Tableau 2, two constraints are involved:
*IDENT (place): allows difference in the place of articulation between the input and the output FAITH C: requires faithfulness of consonants between the input and the output (Archangeli, 1997, p. 11) .
The patient ranked the constraints thus: *IDENT (place)>> FAITH C.
This means that FAITH C is lowly ranked; as such, its violation does not disallow /mik/ from emerging as the optimal output. /mi:t/ (NE and RP output candidate) fails to emerge as the optimal output because it fatally violates *IDENT (place), which is dominated by FAITH C. The foregoing analysis shows that the substitution process involves M>>F; that is, markedness dominating faithfulness. In addition, the markedness constraints are in forms opposite to what is seen in the phonology of non-aphasic adults, owing to brain damage.
Constraints ranking in cases involving deletion are now considered. Ice and tout are used to illustrate. The deviation in '(r)ice' involves the deletion of voiced palate-alveolar approximant in onset position. There are two output candidates, as shown in Tableau 4: /rɑɪs/ and /ɑɪs/. The aphasic ranks *MAX and *ONSET higher than FAITH (C): *MAX, *ONSET >> FAITH C. Due to this, /ɑɪs/ emerges as the optimal candidate, whereas /r ɑɪs/ which obeys FAITH C fails to emerge as the optimal candidate, because it violates*ONSET and fatally violates *MAX.
The realization of 'proud' /prɑd/ as 'tout' /tɑt/ also involves substitution. /p/ and /d/ are both realized as /t/. /p/ is voiceless bilabial plosive; /d/ is voiced alveolar plosive; while /t/ is voiceless alveolar plosive. Two output candidates are involved in this ranking, since the NE and the RP output candidates are similar. The other output candidate violates *IDENT (place), which disallows sameness of place of articulation between the input and the output, as it contains /p/ instead of /t/ at the onset position. It violates *IDENT (voice), which disallows sameness of voicing between the input and the output; it contains /d/ instead of /t/ in the coda position. This output candidate fatally violates *MAX, which allows deletion, since it retains /r/. It, however, obeys FAITH C, which requires sameness in the input and the output. Conversely, the optimal candidate obeys the three constraints violated by the other output candidate. It violates only FAITH C. But, since the aphasic ranks the constraints as: *IDENT (place), *IDENT (voice), *MAX >> FAITH C, allowing other constraints to dominate FAITH C, /tɑʊt/ emerges as the optimal candidate. This optimal candidate simplifies the onset, making it only one consonant instead of two consonants.
In sum, therefore, deletion in the phonology of bilingual Nigerian adult Broca's aphasics reveals that they rank FAITH C low and rank *MAX and *ONSET high. This is contrary to what is noticed in the phonology of the non-aphasic adults. In Tableau 6, the NE and the RP output candidates are similar. Three constraints are involved in this ranking. The output candidate that fails to emerge as the optimal candidate fatally violates *DEP, which permits segment insertion; this candidate disallows the insertion of /i/ between the consonant cluster found in the onset. It also violates *IDENT (manner), a markedness constraint which allows difference in the manner of articulation of the input and the output. The optimal candidate violates only FAITH (σ), which requires sameness in the number of syllables in the input and the output. This optimal candidate substitutes /t/ (voiceless alveolar plosive) for /s/ (voiceless alveolar fricative), in obedience to *IDENT (manner). Its violation of FAITH (σ) makes it to have two syllables instead of one syllable which the input has. The emergence of this candidate as the optimal candidate is possible because the constraints are ranked as *DEP, *IDENT (manner) >> FAITH (σ). This ranking makes violating FAITH (σ) incapable of preventing /tipi:k/ from emerging as the optimal candidate.
One of the issues that arise in the instances of epenthesis just analyzed is that, as in other instances of deviation analyzed above, markedness often dominates faithfulness (M>>F) in the phonology of aphasics.
Constraints Ranking in Bilingual Nigerian Adult Wernicke's Aphasics
Before examining the way constraints are ranked by the Wernicke's aphasics, some examples of forms of deviation in the speech of the Wernicke's aphasics are presented. (ii)rikɒlekt *! (iii) rikɒlet * Tableau 7 shows the three output candidates for immediately: (i) RP output fatally violates *MAX twice, by allowing the initial vowel /ɪ/ and the consonant /d/, which the optimal output /mɪlεlε/ deletes. (i) also violates *IDENT (OBS), which disallows the obstruent /t/ from appearing in the output; it also violates *IDENT (central), which disallows the occurrence of the diphthong /ɪə/, a centring diphthong. Output candidate (ii) also fatally violates *MAX twice, just the way the RP candidate does. It violates IDENT (OBS), like candidate (i) does; its diphthong /ɪε/ also violates *IDENT (back). The optimal candidate does not violate any of these constraints, because they are ranked as: *MAX, *IDENT (OBS) >> *IDENT (central).
There are three output candidates in Tableau 8. The NE output candidate (ii) differs from the RP output candidate with respect to two segments. While the peak of the first syllable of the RP output candidate (i) has /e/, the peak of the first syllable of the NE output candidate has /i/ . /e/ is slightly more raised than /i/, although both are front vowels. The peak of the second syllable in the RP output candidate (i) has schwa, whereas the peak of the NE output candidate has /ɒ/. /ə/ is a central vowel while /ɒ/ is a back vowel. The aphasic's output candidate only differs from the NE candidate with respect to the deletion of /k/ in the coda of the last syllable. The journey from the input to the output involves four constraints. The RP and the NE output candidates fatally violate *MAX, by not deleting /k/. The RP candidate also violates *IDENT (raised), which does not permit raised vowel in the first syllable, and IDENT (back), which demands that there should be a back vowel in the output. These violations prevent the emergence of the RP and the NE candidates as the optimal output. The aphasic's output candidate violates only FAITH C, which requires that the kind of consonant in the input should also be in the output. This violation is not capable of preventing it from emerging as the optimal output because, in the language area of the aphasic, FAITH C is lowly ranked, as seen in the ranking of the constraints: *MAX, *IDENT (raised), IDENT (back)>> FAITH C.
From the analysis, it is deducible that the subjects rank *MAX above any other constraint. This means that in their phonology, markedness dominates faithfulness (M>>F), as it is with the Broca's aphasics analysed above.
Constraints ranking in cases involving substitution in the Wernicke's aphasics is considered next. Three words are used to achieve this end: 'police' and 'cawor'. Their output candidates are presented in Tableaux 9 and 10, respectively. The substitution in 'police', as shown in Tableau 9, involves four constraints ranked as: *IDENT (manner), *IDENT (place) >> FAITH (coda), FAITH V. Output candidate (i), which is the RP output candidate, obeys FAITH (coda) and FAITH V. However, it does not emerge as the optimal candidate. The reason is that it fatally violates *IDENT (manner) and violates *IDENT (place). The former disallows sameness in the manner of articulation between the input and the output, while the latter disallows sameness in the place of articulation between the input and the output. These two constraints dominate FAITH (coda), which requires that the coda in the output must be faithful to the coda in the input, and FAITH V, which requires that the vowel in the output must be similar to that in the input. Output candidate (ii), NE output candidate, like the RP candidate, fatally violates *IDENT (manner); the manner of articulation of its final consonant is similar to that of the final consonant in the input, which *IDENT (manner) disallows. It also violates *IDENT (place) and FAITH V. Output (iii), that of the aphasic, emerges as the optimal candidate because it violates only FAITH (coda) and FAITH V, which are lowly ranked. The way the constraints are ranked in the brain of the aphasic allows /t/, voiceless alveolar plosive, to replace the voiceless alveolar fricative /s/.
There are two main phonological process involved in the case of 'cawor', viz, substitution and deletion. The last consonant in the input (/t/) is deleted in the aphasic's output candidate. This consonant is voiceless alveolar plosive. /r/ which is in word-medial position in the input is substituted as /w/ in the aphasic's output candidate. /r/ is voiced palato-alveolar approximant, while /w/ is voiced bilabial approximant. Both the RP and the NE output candidates [(i) and (ii), respectively] violate *MAX by not deleting /t/. They both also fatally violate *IDENT (place), by permitting a consonant that shares the same place of articulation with the input, which this constraint disallows. The RP output candidate also violates IDENT (back), by not having the back vowel /ɒ/, which both the NE and the aphasic's output candidates have. The aphasic output candidate violates only FAITH C, a lowly ranked constraint. Because the aphasic's output candidate has only one violation, it emerges as the optimal candidate. In the language area of this aphasic, the constraints are ranked as *MAX, *IDENT (place) >> IDENT (back) FAITH C.
As it is with deletion, substitution in the speech of the Wernicke's aphasics involves ranking markedness above faithfulness (M>>F). This ranking is responsible for the choices made by the patients in this study.
'Entertmated' and 'tenl' are used to illustrate how constraints are ranked in cases of epenthesis. Tableaux 11 and 12 capture this. Tableau 11 illustrates instances of multiple violation of a single constraint. The NE output (i) fatally violates *DEP thrice, as it disallows the epenthesis of the vowel /e/ in word-initial position; disallows the epenthesis of /n/ after the epenthetical vowel /e/; and disallows the epenthesis of /t/ before /m/. This output also violates *MAX twice, because it disallows the deletion of /ɪ/ and /n/ from the input. It also violates *IDENT (low); it substitutes /e/ for /ɪ/ found in the last syllable of the input. The RP output candidate (ii) also incurs the same violation marks exactly the way output (i) does, except that it is faithful to the input by obeying IDENT (low). The optimal candidate violates only IDENT (low). Because the patient ranks *DEP very high, this candidate is able to insert the front unrounded half closed vowel /e/, the voiced alveolar nasal /n/, and the voiceless alveolar plosive /t/. The ranking of *MAX high too makes it possible for the optimal output to delete /n/ in word-medial position and /ɪ/ which is the peak of the ante-penultimate syllable of the input. These constraints are ranked thus: *DEP, *MAX >> IDENT (low).
There are two output candidates in Tableau 12, because the RP and the NE output candidates are similar. The second candidate /tenl/ is the aphasic output candidate. Two constraints are involved in this derivation. The first output candidate fatally violates *DEP, because it has no epenthetic consonant. It, however, obeys FAITH C, because its consonants are faithful to the consonants in the input. The optimal candidate violates FAITH C. This violation is incapable of preventing it from emerging as the optimal candidate, because, in the language area of the aphasic, the constraints are ranked as *DEP>> FAITH C.
Recommendations
The findings of this study have some implications for the rehabilitation of bilingual aphasics. Any meaningful speech therapy or rehabilitation has to consider the phonologies that the aphasic has. Particular focus must be given to the dominant phonology before the brain damage. For aphasics that are bilingual in English and any other language, the variety of English in the language faculty of the aphasic should form the target of the therapy. If a variety that the aphasic had not acquired, particularly RP, is targeted, the efforts may be unproductive, because it will be like learning an entirely new phonology. Conversely, if the already-acquired phonology is targeted, recovery might not be difficult, as speech therapy is essentially a resuscitating endeavour, not a planting process.
Moreover, the constraints that are ranked highest by the aphasics will help the speech therapists to know the kind of sound to focus on. This is where it is necessary to complement the efforts of neurologists and other professionals involved in the care of aphasics with the work of phonologists, who will concentrate on the constraints and how they are ranked to generate useful data and suggest how other specialists and caregivers should interact with aphasics. From the way the constraints are ranked, speech therapists can generate simple rhymes that can be used as exercises, which the caregivers can also adopt to assist aphasics at home.
Conclusion
The analysis of how constraints were ranked by the aphasics shows that the ranking is contrary to what obtains in non-aphasic adults. It also shows that the language area of these subjects ranks Markedness above Faithfulness (M>>F). In their phonology, certain constraints are marked and seen as being more important than faithfulness. This manifests in all the three forms of deviation identified at the segmental level of their phonology: deletion, substitution, and epenthesis.
For the aphasics to be able to rank the constraints the way non-aphasics do, the speech therapist has to gradually and systematically bring in simple exercises that will revive the ability of the brain to rank those often violated constraints high. The brain can be conceived of as a battery. Brain damage makes it to run down quickly. Speech therapy can reactivate it. The brain is also like firewood. If there is no damage it burns brilliantly. Any damage to it is like pouring water on the firewood. This makes the firewood dead. Continuous fanning can rekindle the firewood. Carefully selected exercises can make the aphasics to obey the violated constraints.
Considering the ranking of constraints from the perspective of the aphasics rather than the perspective of the non-aphasics is helpful in their rehabilitation. It makes it clear that their speech is deviation from a particular norm, specifically that of non-aphasics; it is not an error.
